Background: Vitamin D deficiency during pregnancy affects fetal growth and development. The present study explored the association between vitamin D levels in cord blood and placental vitamin D receptor expression. Methods: A total of 54 subjects with live-born singleton deliveries were included in SRM Medical College Hospital and Research Centre, Kattankulathur, India. Cord blood and placenta was obtained at the time of delivery. Results: The mean newborn vitamin D level was 20.07 ng/mL (13-27.50). The mean of relative vitamin D receptor (VDR) expression was 1.45Ct (range 0.10-2.6). Mean comparison of cord serum 25(OH) D3 and VDR revealed significant at p<0.05 by student's t-test. The newborn anthropometric measurement of head circumference 31.44±3.99 cm, Chest circumference 28.88±4.30 cm, Body length 45.52±8.05 cm, Birth weight 2660.61±353.27 g had significant association with mean VDR expression at p <0.05 level by student t-test analysis. Further, Pearson correlation coefficient also revealed strong positive correlation of placental VDR and cord serum vitamin D (r=0.853, p <0.05).
INTRODUCTION
Vitamin D constitutes a group of fat-soluble secosteroids with pleiotropic effects that extend far beyond the traditional role of calcium homeostasis and bone metabolism. The actions of vitamin D are mediated by its receptor, the vitamin D receptor (VDR). VDR expression is present in various cell types and organs demonstrating the multifactorial role vitamin D play in the regulation of basic cellular functions including proliferation, differentiation and in the modulation of innate and adaptive immune responses. 1 Research has increasingly focused on the adaptive nature of the placenta and this organ's ability to respond to fetal and maternal nutrient status to support optimal fetal growth, especially in the context of suboptimal nutrient availability. 1 The mechanisms by which placental proteins respond to maternal/fetal signals and regulate transplacental nutrient transfer remain an evolving area of research. Several studies have linked maternal vitamin D status, as measured by circulating 25(OH)D, with placental function and fetal growth, pregnancy outcomes and offspring risk of chronic disease. [2] [3] [4] The mechanism by which vitamin D crosses the placenta is not yet clear. Recent literature reviews reported that the main mechanism is passive diffusion, as occurs with sex steroid hormones. 5 The free serum 25(OH)D fraction may reflect the amount available for cells according to the free 25(OH)D would cross the cellular lipid bilayer because of its solubility in fat. The fetus is entirely dependent on the mother for its supply not only of calcium but also of 25hydroxyvitamin D, which crosses the placenta. Placental vein 25(OH)D concentrations correlate significantly with those found in the maternal circulation, implying that it diffuses easily across the placental barrier and that the vitamin D pool of the fetus depends entirely on that of the mother. 6 Therefore, the present study was conducted to ascertain association of vitamin D receptor (VDR) expression and cord vitamin D level.
METHODS
This cross-sectional, hospital based study was conducted at the Obstetrics and Gynaecology Department of SRM Medical College Hospital and Research Centre, Kanchipuram (tertiary care centre predominantly catering to the needs of the poorer population of Tamil Nadu), India. A total of 54 consecutive singleton pregnant women admitted in labor were included. Twin or multiple pregnancies, congenital anomalies in the newborn and liver and kidney disorder subjects were excluded from the study. Informed consent was obtained from each study subject after the nature of the study was fully explained. The Institutional ethical clearance was obtained to conduct the study (No: 502/IEC/2013).
Maternal characteristics such as age, height, weight, parity and obstetrical history (gestational weeks, term of delivery) were recorded in a standardised questionnaire. Placental tissue samples were excised at random from central cotyledons after removal of any attached deciduas and placental infarcts and processed within 20 minutes of delivery. The placental tissues were divided into small portions and snap frozen in RNA later (Qiagen, USA) until analysis. Vitamin D receptor expression analysis done by real time PCR followed by Vural protocol. 7 Cord blood was obtained at the time of delivery and serum separated for estimation of vitamin D. Newborn anthropometric measurements birth weight, height, head and neck circumference were measured at birth.
Procedure

Estimation of 25(OH)D3 procedure
Circulating 25(OH)D was measured as 25 hydroxyvitamin D3 (25(OH)D3) by HPLC in serum using a kit marketed by Chromosorb (Germany). Briefly, to 0.5 mL of serum are added 350 μL of methanol-2propanol (80:20 by volume) and the 25(OH)D extracted by mixing three times with 2 mL of hexane. The phases were separated by centrifugation, and the upper organic phases combined and dried under nitrogen. The residue was then dissolved in 100 μL of mobile phase. Calibration curves were constructed using four concentrations of 25(OH)D (15-120 nmol/L) and human serum albumin (50 g/L). For the chromatography we used a waters millenium HPLC (Waters Inc, Milford MA) fitted with a Li Chrospher 60 RP select B column (4×250 mm; 5 μm bead size; EMD, Bridgewater, NJ) maintained at 40 °C. The separation was achieved using 760 mL/L methanol in water as the mobile phase with a flow rate of 1 mL/min and detection at 265 nm. The injected volume was 50 μL. The 25(OH)D3 and 25(OH)D2 peaks are completely resolved with retention times of 20.8-21.1 min and 23.1 min, respectively. The within-assay and between assay CVs were <8%. Serum 25(OH) D3 was analysed by high performance liquid chromatography, according to the protocol of Turpeinen et al. 8 The cut offs utilised to define vitamin D deficiency was based on institute of medicine. Subjects were grouped into different categories, based on the serum level of 25(OH)D3 as per the guidelines of Institute of Medicine (IOM). The IOM defines 25(OH)D3 serum level of <10 ng/mL as severe deficiency, <20 ng/ml as deficiency, 20-30 as insufficiency and >30 ng/mL as sufficiency.9
RNA extraction, cDNA synthesis, and real-time PCR
Total RNA from placental tissues was extracted using the Rneasy Mini-kit (Qiagen, Limburg, Netherlands) as per protocol instructed. RNA yield, purity and integrity were determined using the NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, MA, USA). Total RNA (2 μg) was reverse transcribed with cDNA conversion kit according to manufacturer's instructions (Qiagen, USA). Primers were designed from the VDR NCBI sequence for mRNA (forward primer 5'-ACATCGGCATGATGAAGGA-3', reverse primer 5'-TTCCGCTTCAGGATCATCTC-3') and control gene βactin (forward primer 5'-TTCTACAATGAGCTGCGTGTG-3', reverse primer 5'-GGGGTGTTGAAGGTCTCAAA-3'). Quantitative realtime PCR for VDR expression was done using specific primer pair and SYBR green dye (Qiagen, USA). PCR conditions included an activation step of 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 minutes and 60°C for 1 minute. β-actin mRNAs were also quantities and used as internal control for realtime PCR. Ct values for VDR were determined and VDR expressions normalized to β-actin were compared. All the experiments were done in triplicate and the average values were presented.
Statistical analysis
Statistical analysis was carried out using the SPSS statistical software package version 16. Data were expressed as means with their standard deviation and number of subjects in percentages. Comparisons were conducted using student's two-tailed t test. The Pearson correlation statistic was used to investigate correlations between variables. All statistical significance set for p<0.05. 
RESULTS
The mean newborn vitamin D level was 20.07 ng/mL (13-27.50). Figure 1 showed the distribution of new born vitamin D level. Of 54 newborn, severe deficiency was noted sufficiency in 2 (3.7%), deficiency in 29 (53.7%), insufficiency in 13 (24.07%) and sufficiency in 10 (18.53%) of the newborn subjects. Totally, severe deficiency and deficiency together was 31 (57.4%).
Figure 1: Distribution of newborn serum 25(OH)D3 level in the study subjects (N=54).
The mean of relative vitamin D receptor (VDR) expression was 20.07 Ct (range 0.10-2.6). Figure 2 revealed significant association of placental VDR expression with cord serum vitamin D level by student's t-test at p<0.05. Table 1 shows the comparative analysis of mean±SD of newborn characteristics with placental VDR expression level. The newborn anthropometric measurement of head circumference 31.44±3.99 cm, chest circumference 28.88±4.30 cm, body length 45.52±8.05 cm, birth weight 2660.61±353.27 g had significant association with mean VDR expression at p <0.05 level by student t-test analysis. Further, pearson correlation coefficient also revealed strong positive correlation of placental VDR and cord serum vitamin D (r=0.853, p <0.05).
Figure 2: Association of cord serum 25(OH)D3 level and placental VDR expression.
The present study revealed that placental VDR had significant role in maternal to fetal nutrient transfer mechanism and thereby in newborn anthropometric measurements. 
DISCUSSION
In India, vitamin D deficiency was considered to be rare.
Till the year 2000, there was no systematic study which directly assessed body vitamin D status of Asian Indians residing in India. In 2000, Goswami measured serum 25(OH)D using sensitive and specific assay in apparently healthy subjects in Delhi and showed that significant hypovitaminosis D was present in up to 90 per cent of them.10 Subsequently, series of studies from different parts of our country have pointed towards widespread vitamin D deficiency in Asian Indians of all age groups including toddlers, school children, pregnant women and their neonates and adult males and females residing in rural or urban areas.11-13 The present study shows 57.4% prevalence of vitamin D deficiency in newborn.
VDR is an essential component of the vitamin D metabolic pathway where activation regulates and initiates the expression of numerous genes involved in cell proliferation and differentiation. The findings from this study showed that, VDR was expressed in the placenta indicating the eminent role of this vitamin D3 in the process of reproduction and fetal transfer mechanism. Therefore, decreased VDR expression may impair the actions and limit the beneficial effects of vitamin D in the regulation of feto-placental growth. Nguyen study reported that changes in VDR expression in idiopathic International Journal of Reproduction, Contraception, Obstetrics and Gynecology Volume 5 · Issue 9 Page 2907 fetal growth restriction (FGR) were either a cause or a consequence of the pathophysiological defects observed in the FGR-affected placenta. 14 Furthermore, Shahbazi study mention that the rationale behind placental VDR expression was unclear, but it had a role in the physiological processes such as absorption of calcium and its transition to the developing fetus before delivery. 15 Newborn size had important implications for mortality, morbidity, subsequent growth and development. There were overwhelmingly more cases of LBW in developing countries than in developed countries. 16 It is also a reflection of prenatal growth and the intra-uterine environment. Birth weight, especially low birth weight was known to be correlated with gestational age at birth.
Merialdi et al reported in their study, the effect of gestational age on size at birth was obvious, and in particular, birth weight was more affected by gestational age than birth length. 17 However, the present study revealed the association of placental VDR expression with birth weight and length.
A study in 2012 reviewed all clinical studies published in the previous 15 years regarding vitamin D deficiency in pregnancy and its effects on their offspring and the vitamin D supplementation during pregnancy. It revealed that several studies have demonstrated the association of 25(OH)D deficiency with important health outcomes in the preconception period, during pregnancy, in perinatal period and in childhood. It suggested that 25(OH)D concentration of >32 and <50-60 ng/mL may be associated with the lowest risk of disease. 18 In conclusion, there was a high prevalence of vitamin D deficiency in the south Indian newborns and the study suggested that VDR had crucial role in maternal to fetal nutrient transfer mechanism. Hence, the study warrants supplementation of Vitamin D and evaluation of VDR expression.
